^j—uatj ^L-uiLi jll Mill a—iC ) a-a.1 j_uxa l 5 j^Ut -I—at Jj <\-\ n ) *Al 
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4_u:ljjll Cjj gjjl Jalj .,j^al jiJI (jS ( 0 - 1000 K) lS-^J Sjlj^JI 4\a.J J ' '""y^ L«S .Ajjuall 4j-uiVI J,)^ ■ 

Cijlj j j»l Sail 4_o j^. j .kjl jjll <ili LojS -ULudl juLull £_o ) ja ,%\ (Jill (LUC-INDO) "^J^=> (jW "^J^' 

JjLiiVI (jl-£ Asa (J.! 1 gtjj^l 4\-o j^. (jja^jtl <U_ua]b Lol iA §1 Jail oj^al Aj > u ilb (J j ;'° a (J^ >Vn J3°'"J '4 liuull 4 * >Vi V 1 JjS ujj (_]>jlc j 4^ UmiM 
ojLjj L£^jH J a 11 o^Lij (j' -^J "^J ,AJJ^>Jall eAA JLa*IL ul J ujl dlLujlj^ll La jAj t4-iLutll ^jall ^-o 1 i a 

( S) ^ JJJ^IVI JU_iiVl <jll QJ3.I SjLljj SjjJi-^ill AiLkll S jai j Jj^a jjll j jaliill ^^lo Ji. (_>iajt (jl i j AjKll AiLkll 

.Sjl jail SJLiJj 4 lil.nll J,ft tS°LC- All JJ i^. jl LaS .( p) dljliall AA\ a'i'.VI ^tti jL^aij 

Abstract 

In this work, the quantum mechanics in conjunction with the large unit cell (LUC) approximation 
for the intermediate neglect of differential overlap (INDO), based on the self-consistent field of 
Hartree-Fock, has been used to study some properties of diamond crystal. The total energy, cohesive 
energy, valence bandwidth, conduction bandwidth, direct band gap, hybridization of orbitals, and the x- 
ray form factors are calculated. The effect of temperature ( in the range 0-1000 K ) on the 
aforementioned properties is investigated. The present work shows that the results of (LUC-INDO) 
method are in good agreement with the experimental data concerning the cohesive energy, valence 
bandwidth, lattice constant, and x-ray form factor. Whereas, the agreement is fair for the energy gap. 
While, the agreement is poor between the calculated value and the experimental value of the 
conduction bandwidth, that agrees with the previous studies using the same method. 

It is found that the increase of temperature causes an increase of the total energy, a decrease of the 
valence and conduction bandwidths, a decrease of the forbidden energy gap, an increase of the 
occupation probability for s level with a decrease of this probability for p level. Also, it is noted that the 
x-ray form factor increases with the increase of temperature. 

Ig^dljl k*si\)±i dyj-ilJl c> Jjc jjja AoaJsJIj AjC-UuaJI LjVla-^l <ji o^Uil sjjL Aa^AV \Jal 

Harker and Larkins 1979, Fahy et al. 1990, ] Sj-uu- t-tJ^j <j4^ 
^Uii d^ji ^ij .[Furthmuller et a/.2002, Occelli et al. 2003, Radi etal. 2007 

LjL,.,iaJ ( LUC-INDO ) S-i^jil 4_JaJ ^sLUal&l Jlliall Ja-^jl^l JUaV' ^4u^ JLojlLu,! *j 

till AaxI) jLAj) MjP^uij AjjjJall sAA jjAu J) i(_pjLaJI ^jjJjJ A_ujjjSJVI A_uaLkj A^Ljoill (j-alj^iJI (jAXJ 
A_u.|;J Lj-»J (>j (CNDO) ^LJalioJI J^lJail ^Uil JUkVI ^> <ij jjSi LfSI US tAjjWil 

(j-a LjJjJjiaJ j 1 (j t l >ij j»j A3j t4_La£]l Ajjiajll (_JjLi« ^^Ic. JlaJI ' - La ;11 A\nt'\n\n\\ iajjUl i 
^ij-aj Jjl (>a ( Haitree ) iSji)^ (jl^j ^ Y A ^Lt ^ .(jJJJoS (jJo^LlJ clak. (Jj3 

(Jaojoj] (_£)JjIa JJjiaoJ ( Fock ) iilj3 ^ ^ V « j»Lc. .OLjjj^^]VI o^iitla ojill ' ° ■ ajj ^j^S 



Aj>kj jj ^-^jj ( Roothan and Hall ) Jja j j^jj t> ^ 0 * ^ yAs -^jj^W fj^l 

.lie i ll i .11 iijjiall aAA Cilia., a- j CjIjIAaB ^ laa-ll «^ aaJI 1 ■ LJjSj (Jl mb Cjlljj^JI L_i__ajl A jjjjSj 

l^jjjjgj Ik. .liiajll <ilL iijjlall s^A (J*> La« 4 ^j^ji-W I jallill C_L>Lal_ij L-ajj ---j ClL>Lal_ull ^ya 1.1a. JJJ-i 
o-14j-a1I Cjt-ujaJJ ^jySSi) i_u£jj]I j£ill 4_ijVl <Lajjlall (J^u-J- ..-i jl .SAiUxll Ol_u>=-ll 4_uilj.ll 

' " 'J " ■ ■■ A_y]ajll C-lbl maJI J ;g . .i<\ 4_ilaxll ^Lilajll cj-^ vJ ^ * • <_r^ 1 ""' A-ujjSu Jjjljla jlivul ^_JI 

( Pople and Segal 1965 ) JW"J Ji*? .^Uu^jII (Jjl^Jalb 

|T jj* 1 "' L "V £ all Ajj i iaC^I II j AjjjJajLlI CjUjj^JI (j^a AjAxII A_mlj.il q)2] (Jnt"i m'l (__Aj Jjjljlall oAA '— » ; 

( Harker j j^j^a J£ j>1- > *l V 1 Ac. ,_Sj .^Lil_i_all <^Ljj_ilj aj-U-j-UI (j__lj_JI 

.CjIjjLII (jiaxil ^jjj-J^I ^ij'sjjII <jJ)_1 Ia^ <«_ uilj £>jj-ill SAajll a_i1_v Larkins 1979 ) 

Evarestov and Smirnov ] Cay^ oA->-W Jj_ ^ iajjUl aIa JLutLJj jj>kj ^.It J^xll j^lJj 

.[1983, Segal 1990, Radi et al. 2007 

-I _--i mb Oljj_j__WI (j_a 2 PI J (_£>-^ N (j-a ■ °lj" -1 Sail ^ --1I ^jlLaLjJI jjj-all 4_)1__> (j S « 1 
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r i2 
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f(x) = [^PJ (13) 

:<£lx]l) ^ LmJ (jUuJ AjLiJ (x) jjj 

x = ^^ (14) 
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• ( P ) 4ili&]l ( F ) Aij^.^ifl -1 

.(£,■ ) ^viijjvi 
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.( LUC-CNDO ) %0= JU^L (Larkins 1979 
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3 A -tl .At! 

[Svane 1987] 




rCirnnn 1 ( & "7 l_ l"" 

[avane lVs/Jg-iuj 


(tlKl ) jiJLA ujUula 


3. 32 


3.49 


3.29 


(111 ) 


1. 98 


2 . 15 


1 . 93 


(220) 


1 . 66 


1 .86 


1.69 


(311 ) 


1 . 48 


1 . 62 


1 .57 


(400) 


1 .58 


1 . 54 


1 .55 


(331 ) 


1 . 42 


1 . 43 


1 .42 


(422 ) 


1 .42 


1.38 




(511 ) 


1 .42 


1 .37 




(333 ) 



IaAj iAjioaJI jxiill (JM ■ * i 'K ..M Ajujj^/I (Jj^jjij (J-olaJ 4 ij i aa all ^jSII (jj (3) tjj la II ^jjjj 

.(JalsJI li& L-llmaJ 4Ut'u,i«1I 4ijj]a]l S-lja. 

(_gjj^aJI .H«j]l CivLabt-o] 4 -jlaaJI all (Jl > ab SjjlJI (j^al^a. '—• » 1 ^3 ojl_)aJI <ajj J^b i—lLuia. jaJ 
' " ' ^Lajj j»J ( <UDL*Jtj (Jjlalollj (_gjlj_aJI .H^ull Cll!>LaL*AJ (j^aLaJI Q^jLall jJ-iaLjjj i(jj_a]l hi 

:( T ) OjljaJI <aj-> .Ajc. A%aj1I 



« = 



a - a„ 



(17) 



a 0 A r 

a = <2 o ar(r - T) + a o (18) 

oj|>a ^ajJ T Q ) j i "V I S 2<^,tti Cub jA (o a )-5 <^jl>^' ^-^1 J-aU^i jA ) ^ ( (jl liua 

jA ( a ) J tojjbil ^jit AJaluiJI ojljaJI <aj^ ^jA (T)j '(jil^ jii^a ^jLuijj SjjlJI jljilujl <iakj ^jc. ojjlJI 



a\ • • ^tjlwuj/V • -Y ^<JAj AjubIaJ jjic. ^jlaJI ( _ s -ai*JI j-oJjaJI ^jISj 




~i i i i i i i r 

0 100 200 300 400 500 600 700 800 900 1000 



( <>l£ ) S J jail 4a. jJ 



.^UJl SjjU ftjlpj) 2 CjjIj Ajblc :(Y) Jlu 

SjjLl} AjKJI AiUaJI ^ SjIpJI AajJ jjjIj 

.(jjUll 'ijjlJ AiUall ^ <2yJs jjjfc (V) JSji]! Jjjj 



100 

0 100 200 300 400 500 600 700 800 900 0 



-45.6784 



_ -45.6786 

j 

\ -45.6788 



— -45.679 ■ 



■* a- 



.(j-Lail SjjLi AjKit AiUaJt ^ Sj]>aJ 3ajJ jjjSj :( 3) <Jli 

CjIjUI jjjj Ail n\a\\ o^ljj lilli (jc g^ijj jjjV^ 4-sli.l.ill AiUall SjjlJI ^t)- 1 

jaLiillj ■ .ul still 'ijj (j-a <J-£ Ift S '«-- (_gjl i ii'Vi ^j-jII ^jj Lll (jl>^ 4_iUa ,_A 4 SI tall 4_aj2 LLajl (jjj *jj L13 
^jjuLj jjLuaaj tili L-U i jj3 diljiJI ^jjij Ail mxll ^Ijjj l_Sj_ui oj_jJj1I oj|>^ ^-r^P a^Lj^jj t ^^iiiitLujjj^W I 

CjIjaII jjjj i_jjsl_^j]l (_jji jj^Ij '^Wjj 3 ' diLjjjj^l^ I jiLlj j 1 » Joju CjIjaII ^jjj jiLiill 

.AiUall ^Ijjlu: ojljiJI 4-^_p o jljj jjjfl'unljj iAjKll SJUall SjLj t*Uj> (jC. gjjjS l^jLjjjJ^llj 



a\ • • ^^jL-uj/V • -V ^<JAj AjuaIaJ jjic. ^jlaJI ( _ s -ai*JI j-oJjaJI ^jISj 



oj^Sj (Jj i ajSlI A_a^j j3l£j]l <-aj^ jj^a^c ^j^a (j£ jijtj ("l) j j (JlSai^l (jJfj 




0 100 200 300 400 500 600 700 800 900 100 

0 



. (JjjUJ! 4_o}^ o^j& ^ s;!^' ^J- 2 '• ( ' ) 




0 100 200 300 400 500 600 700 800 900 100 

0 



.(JjjUJI J^J^ U^J^ *j]>^ ^J- 5 : ( fi ) 




a\ • • ^^jL-uj/V • -V ^<JAj AjuaIaJ jjic. ^jlaJI ( _ s -ai*JI j-oJjaJI ^jISj 



gjjjjj SjjiJI A-SUa ^bjj L_Sj_ui Sjlj^JI A-=kjA SaIj)j Ail i^jVIS (^)j (°) J (*) JJ ' "ft (j^-oJ 

1 gjlla ,_JI SJjjlSI i— lUjl moll aAA (Jj «"i > 11 lilljjj iAjjill CjjIaaII (J^Iaj (JSj3 tlijill ^jjj Ail uLtll SjUj liUi (jc. 

(jjiLall ojjlJ ojj-aJI ^-r^P '*>?^ ^jj i aflj (jlj .AiUall 'oj^Sj fj^' O^J^" ^'-^J ^jljjJJ^J 

Sze and Kwok ] ( GaAs) y>ks ( Si) SjjIJ ajjouHj JjU* l_sj^=u ^ aJ] J^jlil ^La ^ (jiii 

.[2007 

(s) cjja^j 3JU ^fl Sj|>aJI jjlih 

.(jjLJI ojjIJ ( S ) jl-lall jji^J aJU. (J SjjaJJ <L=k_p jjjIj Jjjj (V) 2&\ 






0.962 -j 




0.96- 






>•? 




i 


0.958 ■ 


l 


0.956 ■ 


~> 










0.954 < 




0.952 • 



200 400 600 800 1000 



.(j-Uil SjjLJ ( s ctfHjil ^ ^ Sjb^l jjjb :(V) Jlui 

) jjjjjSlVI jl.l»ll jja CjUjj&WI J\3jj| Aj31 jljjlui SjjaJJ Ajkp SjLjj Ail (V) JLill Jjijj 

.( s 2 p 2 ) aJU J\ sjjJI CjjIaJI J tf 1 ( s ) ^xpSNI ( p 

(331) Clljj'uii^] AjiijJI AxJiVl Jj*S uS J-alft (J ojj^JI A^jA jjjh >) J (^)j (^) Jl^Al jjij 

.^1^(511) j(422) j 




200 400 600 800 1000 
(oils) S jl jaJl 3j» jj 



OiUll Sj>U ( 331) igjIuL a H ( f ) JjIuuJI J*le ^5 Sjl>aJI jJjb :(A) Jlui 



a\ • • ^ijlwul/V • -V ^<JAj AjuoLaJ jjic. j^jlajl ( _ s -ai*JI j-oJjaJI ^jISj 




I I 

200 400 600 800 1000 



.(j-UJI SjjIJ (422) ^jiu^ ( f ) JjI^I Jale ^ Sj|pJI 3ajJ jjjb :(9) Jli 




200 400 600 800 
(Oils) % jl jj 



.(jaUll IjjIjI (511) (|jlui. a li ( f ) (JjIuuJI ^5 SjljaJI jjjSj :(> •) Jlui 

(jJ_J 4 £±A\ Al\ mm!) j|jj-J Sjlj-aJI 4_2kjj SaLjjj i^jVLS «) J (^) J (A) (J< -fyl JJ uiiiS ^ < -J 
4^1; <j^ '( 2 0 ) SjlkL^I 

' ■ ' i J JJJ ( f ) Jjl ''""'^ (J-a^t 4 aft ■ * i 'K l_a]j . lil l_jj (jjjlii L-Lma ( dhkl ) 4iLy4*3l £-0 UjluSc t—Lml JJJ SjUslLuVI 



sin # 

/I 



1 i l a^c- 



SjJ LlJ Liixll CjLslja]! (jjj AjjSij (Ji.ljj cllj-la. ■ - JJ IjAj ( 2$ ) 4jjlj3l ' " lIS LaK 4 J i all ojLa]l CjUjj^I ^j-a 

iJjS ujjll (Jalc 4_aj2 SjUj 1 ; IjA iil^)J cj'^'J 

LUC-) ' .ulftl) Ji.(jJSl3 Ja^jlall JLaA^I <4yla] S) .IjSlI SA^jll 4 jla £Jj_aj JLmJ ml (jl . > 
lllla^ja i aJ AiLjal (jl La£ 4 jj a» II aJ (j_a 4_jjj3 4jj_ura_all (j alj 13 Laj2 (- kxJ ( INDO 
Sjjjs. (_Sc Jjj 4 jj il 4 aj53| (j_a l_Jjj2S Jajjpll 4JLL 4_aj2 (Jita. <Jjj]a]| sAA (_3J -kj|p]l 



I Ajqiikillj eJ m ? y . .i ( jL^/r.-Yijjij<^LJ ^uii >s>ii gjuy 

a! «"h~.1j ' ■ ll£ll J^j^j (JLoAJ (jl jl tAj_ajma all ^cjUill Jc jjJj£ JMjM V S J i)^l (J^IA 3 (Jl aatlml (jl . Y 

.Ajlajtll jxiill (jc J^mi; Aj^lajll «jlli3l L_ija. Jl (^Ajp V jaSi jal£j]l CjIjIa« 

^JaaJI £-taJI A_SJjJa a£jJ CjLl^jll (j-a A-JJjill JjlaLlall ,_i CjLjjjjfilvU j-J^JJ (j] 

AjjjS ( f ) JAjiSlI (J-aUl S-^jA." ,„„ti ^jall tSUj ^ejj j djLLaia 11 elj^f Ajjill Clljl-lall 

Cjlijjjfill (jlj A_ijjjj£iyi A ia uill 4_alii£ u Ifc -l^alia-i (Jj£ ■'"'11 (Jxlc (jl il iAjiaaJI ^jSII (j^i 

^j-jjjj^l^/ 1 £_jjjjll A_lta (jli lillilj (jiijjLaiall (jjijjUl (jjj Ajl_ui<ill < ° ■ <ajla j a j A_a2i 1 ■ ' lal I 

.AJjSaJI aJWI (jx AjjjS 

jjjtj (_jl C(_gjljjaJI JA-ojJI Cj!>LaL»_al A-iiaxll jj all ^ 1c jLaJC^U ajl_)_aJI jiitj t—ll uta . £ 

Ajjlila 1 g JJC (Jj . 11 j»j Jill ^Ljlliill .ojljaJI jiitij (j-al_jaJI JJ*J i_iLmaJ Cjljill Aclii 

.CjljiU AjjljjA^/l A£jaJI jjjti jliic^l jiaij ia.Vl j»AC jA lilli l_1±lu JaJj iAAllI 
Acliil iAJUall Sj-ajj (Jii-ajiill A_aja.j jil Sjll A_aja. (j^i <J£ (_pajC (JAii Sj|^aJI A_aj.l S jLaj (jl . 0 
. -}|_)ij^l <lla. Jl ^J=^)H Ajjjjj^lVI dljj)"u.i«ll (JjLa Jl (_£-ljJ Ia« IfrjJaxJ (j^i dljill 

JUJ,Vl aJU (jL^iij ( s ) jlAxll JjJilWI JUJiVl Ult*.\ (j^i Aajj ojl_)aJI AajJ S^Lj (j^ 

.( S 2 p 2 ) aIU Jl SJjJI Ajjill CjtjIjLall Aljl^aj ( p ) jIaJI Jj^SIYI 
diLjj)"i niflll (jjj AiLuiall S-iLjjl A. ^ ( f ) JAJSlI (J-alc 

( d ),»-a Lpjla ^W.illij JAJull (J-alc (jl ij t( ^2 ) S)lkijaiVI Ajjlj (jL^aSjj ( d ) AjjjLII 

• ( 0 2)^-« Uju£cj 

_j J i ca^all 

Abdulsattar M. A. (1997) Self-Consistent Field Calculations of Covalent 

Semiconductors , Ph. D. Thesis, University of Baghdad. 
Chelikowsky R. and Saad Y. (2004) Electronic Structure of Clusters and 

Nanocrystals , University of Minnesota. 

Evarestov R. and Smirnov V. (1983) Phys. Stat. Sol. (b), 119, 9 

Fahy S. , Wang X. W. , and Louie S. G. (1990) Phys. Rev. Lett., 65, 1478. 
Furthmuller J., Cappellini G., Weissker H-Ch., and Bechstedt F. (2002) Phys. Rev. B, 
66, 45110. 

Harker A. H. and Larkins F. P. (1979) Sol. Stat. Phys. 12, 2487. 
Harker A. H. and Larkins F.P. (1979) Sol. Stat. Phys., 12, 2497. 
Larsson P. E. (2003) Modelling Chemical Reactions: Theoretical Investigations of 
Organic Rearrangement Reactions , Acta Universitatis Upsaliensis Uppsala, Sweden. 
Mattesini M. and Matar S. F. (2001) Computational Materials Science, 20, 107. 
Pople J. and Segal G. A. (1965) J. Chem. Phys. , 43, 136. 

Radi I. O., Abdulsattar M. A. and Abdul-Lettif A. M. (2007) Phys. Stat. Sol. (b) 244, 
1304. 

Segal G. (1990) J. Chem. Phys. 94, 5436. Svane, A. (1987) Phys. Rev. B, 35, 5496. 
Sze S. M. and Kwok K. Ng (2007) " Physics of Semiconductor Devices " ,Third 
Towler M. (2004) Solid-State Applications , University of Cambridge. 



